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The Preparation of Compounds containing a Substituted 

We, EXrEH* POJit-de NEMOCTR3 .C&MPANT, .^a r corparation organised andh:> 
, , iL m f^£^«n<kr u>e jlaws\ of the Smte^df jPelw^^lJnited Sttjtes jof. America^f Wilm- 
' - > >S! isS^9?> ri^^^v??^^^^ United owes of Amerida, do Hereby tledare the invention 

" J , v f« ' ^^.^.pray^tihat., ar patent may be 'granted fr'Sis^ and' the method by which it is v ~, 
*. 1 " *' -^5f particularly desadbfed ia^^axicl tjy ^t&^<iliQ\TOn^ statement;.— 1.^ ^ ^ *<5 
?' r , " ^ / ^^%^^^&n_r|latc5 to the *preparatian-'£f compounds containing substituted * ., ' 
t ; dOdecall^ododeciborajCe tairions. ;>?r~ r. -./v V dv—"\ : .'^ 

■ 0 ¥e 'have "found *tiijt ; v ;theL hydrogeafjatctms ; iri s the dbdecahydrododecabome^ nnion, " *" 1 r ' 
,nr / * ; 16 (^=H la2 )^; can be successively repbced^by, reacting r the acid hydrate-HaBiaHxaiHuO r * : 

10 with atr epoxides Therefore, we provi^e/according to the present ■ inyentk>n.<a process for" -^10 
■ u jf. -A . ; .v'p«paring>box*,om3pdurtds which comprises reading an epoxide with H 2 B 12 Hi 2 -i?HjCX i 
; oino-. v.uv U\?y.fy^^^^eixelative quantities of the two reactants, anion are obtained having 
"^aitTis'o ncfe^&WPk X^Si'a^COR),]?- where y is an integer, generally from 1 to 4, and OR 
the^morayale^ by the ring opening -of the epoxide. The OR is 

, ;„ > . - <? ^^.<K^*sqtl3^, ^nded ta,tibe.-bpron in the borate cage structure through the oxygen atom. - 15 
7 *^ " v v r ^. - . cbnductin]g"*uie Reaction in a solution of HsrB^HisinHaO and regulating the 
1 fti A? 'tempefat^e : to t pro reaction rate, higfi"ykl3s of substituted hydro- 

,. : . ry. y.s S .a?>i<Q£caib6Tate m anions We produced. The product is conveniendy recovered by precipitation ^ 
: w ' ) I / H vas aix insolubie^salt; for exarnple, the rp^ttm salt. 

( ^)_ .? '* -' The substituted "polyhedral boran compounds produced in this process have a cage 20 
structure. The (2 — ) cnarge associated with the anion is, based on the charge on the 
»vr?jv- H yr\-;~t ^ rori cagCj^ind^rwndendy of l the — OR groups present. However, there may be elec- 
nr/* -.iU m t ;.!^^^WSW**riaa^>froni nature of the R groups in. addition to the charge asso- r . 
" '* — ciated wrth ^the polyhedrar borane cage^- Fbr ,f example^ ^ R niay *b& car boxyl groups/ ,\ 
v n; 2 ? ^ . r whicrt, . ini^c^form, y reoT3ire the presence of a ; ottiori. As ^ furttier flltistration, R'may ' : ^ bs 
\jt^^^^ t ^^^^j^jg^ t 'i^gi IS9 which will form ionizable salts with acids. Cations and 
•'anions derived from R groups are considered to be part of these groups and are in- 
cluded within the scope of the definition of R. 

In carrying out the process H 2 B 1= H l2: nH 2 0 is conveniently used in the form of an 
30 aqueous syrup in which water and t± z a x ^± xt .NH-O are present in equal amounts by 30 
weight. However, no water is necessary for the present process beyond that which is 
necessary to permit the dodecahydrododecaborate (2 — ) anion to be in its acidic form. 

In a preferred procedure the HsBi S jiH 2 0 aqueous syrup mentioned is mixed with 
a solvent such as glyme (1,2-dimetnoxyethane) to form a solution, and an epoxide in 
35 liquid form (Le^ a liquid epoxide, or a solid epoxide in solution) is added slowly 35 
(usually dropwise) while maintaining the temperature of the reaction mixture within 
the range necessary to achieve the desired reaction rate. The reaction is practically 
instantaneous and is controlled by the rate of addition of the epoxide and by regulating 
the solution temperature. With very highly reactive epoxides, temperatures of 0°C and 
40 even lower may be necessary for reaction rate control whereas temperatures above 40 
30°C may be used to increase the reaction rate of relatively sluggish epoxides. For 
many epoxides a range f 10° to 30°C is. useful. Untried epoxides may be handled by 
starting the reaction at a low temperature and gradually warming the reaction mixture 
until the desired r eact ion rate is achieved. The reaction product is readily recovered 
IPru*4s.6dJ* 
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by prestation as an insoluBte" sal^ by-.afay pm^eSt recovery procedure such * 



— <• Both Ucrtld and solid- epoaaes may oe Solid epoxide 

ire convenlenl^^^ £ 
used in order t^facIulSte contkcrbetWen'the reactantsi • Usually both rea«ants can be 
d^soiVa ; in r glyiie which is-accoSiingly a piHerr^lblvertt&r practicing this mven- 
. tSrSeraSrAe- solvent .^is ;one. in ^^^^O^v«r«d^ 
*'3pbi&tSfi^ bv » convenient 

ma y be practiced- with airy- epoxide: When" there -are wo : or more 
x _?^TTL .u£ rr,n-cr vicinal or rcav^'be 'separated by one or 
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'^olvme^otming functional' groups or epoxides wiuctrare aiieaay peiyioc^ uuuu^^g 
" MW^o^dxy^grdupV/ ^des containing emy^c uWturation somerta« react 
; ^tk°H^m ; 2 ^Hsa to produce compounds m wrach ^^ Ae- iepoxide compound 
teb K|#»2d. OriSwise the bx^-pprriW^t^td^'l^ ^.Z* 
V -Kpo^dWtfe e^oxiae reagent used, the epoxy^group simper opening up and attach- 
: " irK%TbOTtei in die boroS'nyaride cage by;an emer-1^ hnl^e.- j 

™-;^^4i^*wnicu ^ ^d,to die -epoxirK rihg-carbons may'be the same as or 
diffexStfeS o^er and may be, for example, hydrogen or a hydrocarbon group such 
aTan aromatic- ahphatic or alicydic group or a heterocyclic group or may be a func- 
tion^ ^aESb'M th¥ functional ^ ^ * « "f S^?* 
mentioned groups substituted wjth bne or more of the following functional groups. 
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;— CN 



r j 



! —X (OivF, Br) 



— -NA-' " 



— NO- 



O 



— OH 




30 



35 



— SA 



— SSA 



_C=CH— — NCS la 

— * vr«:- ;d3 d ^ivjr^f^S .V/.i^i riis^o insist si V yzz* 
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y. y^Iii the -alcove groups A is a monovalent organic radical preferably hydrocarbon, of 
at most about 18 carbons, which ' cah^^e aJLkyl, alkenyl, cycloalj^l, cycloalkenyi, aryl, 
altaryl, aralkyl:and ^he -like. AHy of tine groups on ^the .crjonde r ring may contain one or 
more • epcxy" groups /ant , ajy- twa or" inore f .them togetnex, may ~m ^ombimriqn repre- 
sent anaromatic^^cyc^ ^ : _ ~* ; 

The- preferred ^o^da^^.-'m^se'm wfriefi ' the , epo^de^ring carbons are each 
v -attache^ zpjte&Qxpgod atoraafid to one other; ^up. ^ ^ 
> c y \ Ppfyraer^iorn^ xq the ejpmcje. r^'Jx^y b$ capable of fonning 

addidoh polymers or condensation polymers. ' Following* reaction' / of the particular 
.epoxide, with Hh^HiarnHaO^^he,, polymer may be pi^uced^^ a suitable pdlymeri- 
a sation reaction^ y/.-- i '^ .f;r*^ •■if." * r 

Polyniers .cnnHining; tjte"hy3cTOo^caborate 7anion. .a|so Be^prepared by the 
process ,of u th% preseptinyei^^ epoxy group. 

:r -]^&.poiy$er^na^' f be an'idaS^ and is .preferably a linear 

:•? 'P^4y™%^f?.°i5^w4^?3 pilyestes'' imd. pplyuie^ ccddfenlsadon polymers, 

: - being veryj:useful for jie, formation, oi fibers andT films, ic^tm^tfina^fres and insulation 
^.ni/applicatipns;^^ the^pres^ce of title, h^^dbdec^bt)^ ^oit is desirable. 
.» -jr/r ^l^^IyinOT!,o^tdte iir^lJon/coni^ usually, as 

r a compoinent^ of the polymer 

■ ^ihajra^or/a^prai4a^ grjartip. pfhus tJpjLcal adoUn^ri^^ unit 
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where M is a canon a and b are integers whose values are determined by the valence of 
M, and Z and/or Z 1 can be hydrogen or a monovalent radical such as — CN, 
— COOH, — OH, halogen or hydrocarbon.- -Tjpical polymers may also contain the 
hydredolleeaborate group as a pendant group attached to the polymer stem by an ether- 
like linkage or as part of the polymer chain as in polymers containing the structural 
unit ' . - .„.r^ ~ 



25 



-w- 



3- 



30 



where W is a divalent organic radical. For linear polymers the group — rO — W — O — 
is a divalent organic radical obtained by reacting an epoxide containing two epoxide 
groups with H-BijHisJiHiO to open both of the epoxide groups. When the epoxide 
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fluorosut^^ed aM^^^s. moIccular weight comparable to those 

Glycidol 
H^^CH— CH2QH 

. ■•; - ^lohexane diepoxide 



1Q 
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15 



V 2 



V v 
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- r. ■ ,.r . . 
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G 2 H 5 



v — f. ( U 



/\ I • 

0*2 — CH — 0*2 — 0 — C— CH — Ofe 



CH2 — CH-^Jg— 0*3 
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I ,D,i r <3,4repq^H(^ethylcydoh^ 




3,4-Epory^methylcydohe^l-methyl-3,4-^oxy-6- 
methyicyclohexnnc carboxylase 



-0- 
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v 3 3 4rEpoxyc7dctoane carbonitrile 
H 



Kp^tene dioxide (limonene dioxide) 





l,2-Epoxy-3-pnenoxy propane 
0 Dipentene monoxide 




Alpha pinene oxide , 



Cjh 




-r 2£-Epoxyr3.^yIoxy propane 



cirL-tZ^cxy^KM^y^W^) Propane 



."'- '■1 -\W&Mj_. 
: l^Epoxy-3--bulQxy pr pane 



l^-Epoxy-3-{2-K±Ioxoethoxy) propane 

if* 



l,2rEp<rEy-3-(2-chlorophenoxy) propane 

.a 



l^-Epoxy-3^4-chlOTopbenoxy) propane 

i o-£3-(iCH 2 qi— ^ 

l^-Epexy-3-(2,4-dichiorophenoxy) propane 




l^-Epoxy-3-ethoxypropane 



l,2-Epoxy-35cyclohexoxypropane 




25 .v , '7'r4^^taa^3^Hne^yf^tiatcs7) pxopane 15 

$fcCQfc0fe.ffl(at))2 
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4>2-Epoiy-3^<2^nfethyl phenoxy) propane 




s l a 2^Epoxy-3-methoxy propane 



DbCHffi2ffiH3 

■ Q 



i,2-Epoxy-3-pentoxy propane 



. i ... ! , r GH 2 pO20C5H 1 i 

\/Y 
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Phenyl methyl glycidic ester 



[7.1,. r _*iOi.\ .-?AV, .'-XjOJ^ *TC 



sdr rr : r> f : . j?< *sr~c - . i>U £ ; area 
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3,4-Epbxy^-4-niethyr-2-peiitanone 



'r;< xr. /.r. } 3-Ehenylp^-epoxy batyronitiile 

:K A 

.. .. \„ v — OhC — C— C=N 
0 H 



. .."Pi 




v Y Y 



In the abOW*5Cruttural; foimulf-S 3c is r a whole number, usually a large whole num- 
ber, signifying the number of recurring structural groups in the formula of a polymer 
and ? represents a phenyl group. . _ 

Trie salts ccoresponding to' ihe borate anions have the generic formula: — 



where M is a cation and a anid b are positive whole number of 1 — 3 inclusive, whose 
values are determined by the valence- of M. The — OR groups, when more than one is 
5 present, may be me )l same "6r; ctiftereni Where R is a polymeric radical the above 
formula would represent a recurring unit in the polymer. 
The boron-conTaining group 



in the above formula forms * an anion in aqueous solution and behaves as a stable 
chemical entity in conventional reactions. By varying the amount of epoxide used in 
the process of preparation^ y may be varied as desired to produce (BisH lx OR)~*, 
[Bx-HxoCOR).]- 5 , [B^HoCOR),]- 1 , [^(OR),]" 5 and higher substituted boron 
cage anions^of, thb type^ Since, these anions exhibit detergent properties in aqueous 
solution the expounds containing more than two (OR) groups are difficult to recover. 
Anions of the general formula are conveniently recovered as their insoluble salts such 
as the cesium salt CS;B 12 Hi^XOR)t- 

M may be any (aaca j^lnch^forms a salt with the [BxaH^^OR),.] ~ s in the reac- 
ti n product mixture. Where recovery of the boron derivative is not d esire d, as when it 
is going to be used in solution, then M may be any cation which produces a salt of the 
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desired"soh5iiSr with the "anion producei^e'mpjair; ^ons "inaRfle ~ihe" following : 

'ty^drogen, fm*™m. ' 0^T%^ hydrazonium 
' ? ~(?m£-^ s +)i$.^ aryldiazonium, 

j ; m re «*ecifi^ ban 5 m ' lan - 



13d 



5VT; 



'•.c-'lishown^.-r^o'- .b'ii. J; *rjr>-..iiij .-crc - Jy 



Iexample' 1 r 
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• ^'''•'tni^M-' wSod^aC' ^^'■^a^^.^m, ^C 2 ^^ mercury, ate- 

<-^'^<-fg|gi j ^ji^ < ^ffie:extfDpl&s J M 'can*. be ANH,. ,'A« N *'.i » f^f 1 » 

.i .r:U,.-i /jgj)eridi.fP-to A:St bt;AIP^ virKere 1 A'iis;an ; orgamc v radical bonded to 

-r? J;**" 3 *. eatSm Jt^> The';rsub^dents;i^^t^;B y ;A CM.W_ogeil-cha^. or closed^, 
• " ' • < ' Saturated or m^tur4r^'of : &"gr%ups'ckn be composed of heterocj-chc nngs of which 
.the nitrogen,-, sulfur ^phosphorus, is a. component, e.g., pyridme^.quinoline, morphohne 
■Whaam^e^^ft&Mlj A,~fur ^n^of a^ilabiluy^tf r^actants, represents 
15 a hydrocarbon group of « most 18 atOa^:'\"'j''^[-J h ' f r :, : „ „,„,,-„ 

... . / The group.M can be- a .^erner-tjpe "«59W*»M^^P^'^7 

: ' "V - 7.pai&ii bylany ^^^rfiein^'-C^n?^ .from::aqufeom: Jthanol solutions is 

:2f x "afite^-*dm^eK. "To ob^compbimas^Bacnng ^.*.ip^^^!8ro«l» ^ » 25 
unlike, the dodecahydrododecaborate acid hydrate is'reac^ with' bne-epo^e mufl tne 
desired number of substituents are introduced :; and the ( parD^y c subsututed product is 
. . - y. t!ienreacted<witba,second f epp^^ 

„ : ! .<& i ^i4.epjga^ The process can be 

;l: , ^v 7 :f12e5s hm - 

, t^' ^r^Sca. dis^lb^tei: Theviw m«mrM <m** ""Kf 

'* compounds are sensitive to shock an3 'shouM^SepI AoSt whde ^dling. Others 35 
deluding the halogen,substitute4 products and" hyolrocarb^n-sulfeatuted products, are 

^fi;: rr.^ ^Vin^o^fo^ ;4 wl^^b«3^'^Jip^ifia4^^. ?WWP«i cage structure 
• -^:.r ^rtend^piplrties^ito polyi^As pmn^ o^abo^^is is accomplished 

" * ;i ..^r ; yerribl^ raSEE? 
. • ^Jro^S^te u^ the £od£ # al® u^.for,^duang ^he hydrododeca- 
" : borStanion ~^kJtt.v^' a^i^pCoi&gg^ for /appbcations where a high 
" -"bowa content" is derfrabk Many of rfieVornpourds^ve aetergerr{,p.rppemes and some 
45 . ..» are eolouted»pesP»«mg^*eir^^p^0^.flf ^ The:a«iecaborate cage of the 45 
"products rf'tnis'mvermon.po^ap^rna^^^^^ 

rnanner resernbling^r^e.rthat Is, ;rt wffl react.with <W^9 » add subsumenB 
which are capable,;pf boq#ig,SJ a jcarbon of T an ; arornanc , nu^eus such as benane, 
naphthalene or roluene/Th^compounds or anions produced by this invennon and in 
50 which the boron cage hydjrogen atoms are not completely replaced by OR groups, may 50 
, r; .£ ,-be ^cted iwiAr^e-numeroui;^ T^^^Sed^d 
r-~ \;f,sfjppwid».w produce ^.endless, variety of /c^rnppunds suitable, for predetermined end 

V "^^Tbe process of.Jiiis' mvent&p.fand^p^^;.^ , in 



A. Preparation of M. s B,.U a 2K !S 0 (wfure M is Na+) , ' '~ ' ' . , 
A pressure vessel of 400 mL capacity is charged with 9Jg, of sodium hytoborate 
60 and 75 mL of l^^^^^l.^called "glyme^ 60 
to -80°C and evTcmted-to^a pressure of about 0.001 mm. f mercury. Diborane 
f 14 0 g.) is charged into the, vessel which is then sealed, and heated with agitation under 
auragelous pressure for lb' n6ur|at 120°GJ The^ifiolar, ratio" of ' NaBH, to in this 
reaction is 1:2. The rector is'-cooledi the volatile products ate released by venting 



J,016379. . IS 11 



and the contencs f-cf ^^p^^ are *vyasheoL_: is to a refoiver^wffi gflyme. AT suspension of a 
Vhite[ solid in a J^Upw.li^d^is.fpimed frbib wjiich the "solid is " separated by filtration. 
: The solid 'is i o^s^lye^'in hot 'te^r^yq^fyran and* the soluiSori is filierjed to remove a 
r ixace.\qf unacted so^ipia ^^borate."' The ;hot fUtrate'is id&ited with glyme and 
'S-'r^/^cIuT^^ dSddiuik polyhydrbpolybora^ white 



the 

has 10 



^ --^witn snouiaer, .^snarp, strongf o.z, a /.b, ana 5.4u, snarp, meanim: 93/*, TT^r 

4 " i; ' ^-^^^ ai^Hi/t, bri^; weak. The:OTn$oimd shpws 

" * r ...iOp.r ^ abwrp are fc ch^f5^isnc^pf Ae^XodecahydWdS^borate anion: It 

\":V ;' T >V X--^ C, 14^3; Hy* : ?.09; B, 45.08; 

"'/.'.^. c ,." - tl^V'^ " \Tb& "compQiitid tijra^ore^a solvafe 'Sf^btffio^uni 4 dodecahydrododecaborate hav- 
*" *ihg the following composition*: " " r '"' *' 7 . . - r 

" T ^ : 1% 'r>* ^^ "The c6m^l^d-c^Q J ;be , detained is^te liydr^ti, free of ether of solvation, by re- 

• .' ff , ^. !f^ c /l^ q^ntir^'pf jdieiiyl ether- o? teti^ydT<afuran/dietbyl ether 
2 )' Tp"^.^. ^ hydrate has 

• A • t '» ' i - • /'infrared * ||bsb^ri6h^: a ci£^cter^ci . as "follows 1 : 2.3/s sharp, medium; 3.9/t, sharp, 

* -^ 20^ 2 ^strong;,^^ jsh^X ; meditnn; and* 13.9^ broad, medium. The 2 0 

"elemental anal^ is as follows Found : r rl; 6^56; ^ 62:02; Na, 20J5'f 
. . . • . ^- The compound is therefore a monohydratc 'of disodi um 'dodeca liyurCKiodcca borate, 
, < - ^ ^^^^^ 



^ J?' ' " ~ -The dmydrate; N^-Bi^fiiV^H-bi is ; obtained in.the T above process L by less intensive 

.25 k :. ,/dryihgof the crystals. ■ , ■ v : ' ■ - ■ - V : w ' - . ■ J *- * J t - 

S'f'^SPfip^ion of H-Bffijji&jd " 



1 air.- K::. 



With is^evapbrated m^yBcd&^il^ residue dis- 

_ of glyfr^fA soluridri in 

\S' : ^JO mh'of gl$nc is added dropwise. The ruction is cooled in an ice^bath. The solvent 
~. ' n ^t^^^PP^^ in vatuum and* the residue dirolyed-m r ethanblY-Addiri^ 3.9 g. (0.026 
lr ' r ' a inolel of l CsF d^biv^ 'm T IO w mL of ; Myme re^ the : formation of a white 

_ precipitate. - . -* , 

CJ J 1 ^Analysis shows 'V that 'one T molecule 3 of ^ solvent c ihas also reacted to give 



Found : iAJ . Q;l li27; ^ H, 3fg6; B, V2G.67; CI,* 6.67 - ^ ^ 







To £' solution of HaBu^^oHaO^in gi^e;* prepareti as to Example 2, is added 
a wise J 2.^ 'g. (0.026 mole) of styfene 6xide 'while cooling m an ice -bath. Tempera- 
ture is fttninfnTnftrf at 35-r40°C. The solvent is. evaporated in vacuum to give a yellow 
; gum. ; ThV-^<ft? e ^ dissolved "in : 20' : ml. -of etlsanbl and 3:9 g: (0.026 mole) of CsF 
dissolved in ethanol ; is added. X ; white -precipitate results; Tlie : precipitate is purified 



m Calc-d- ^29.6; rH» -4J; v 20:0, ^. V ' , . 
, .Founpl: J -A .27*22;.* H, 4.70;:;.%" 18,4^;- j:/ 1 . * v r,U 



25 



J t^ab!e J ^Ki^k. , The ^w'ater effiiient c is Sear, J <»i6rless and aadlcJ The column is rinsed with 30 
^ ., fr _ P 10 ^ water until the effluent is no longer Acidic and "the -water fractions are combined. 

*" n i ';:r^f3-- f -.'V^^P.^^PP or ^e ^combined ai^ (1 mm. of 

J-'ur^mercurV) at k 'tempei^r^ 1 of /abo^ which.Jias the 

.;::^:;.;^;.:r^:forMuii^ r f -- -\ ■■• - c - 

..^ ^ _ A slai^ inqfe) Of^NaiBiaH^^ib^in- 10 -mL-of water is passed 

I. "-1^ / -'ytix^v^ 'IR : i2GM^K - ion v exchange : colurnn' to produce the acid 

s sm&j&^w^ * ' ~ - - — ^ - - - 

4^ 1 1f / , sblved;;in : 20 ml: of * 

"I?-. S t r"46^' ni£* r of ^^tne is added o^bpwise. U : he reaction is cooled ui an ice'batn. lUe solvent 40 



QuVdr C,'12.5;. H,4.0; : -3; 22.7; '--a;- 62. : * * ~ 



by washing with ethanoi and ethyl ether. Elemental and infrared' analyses show the 
55 compound to be v ; \ *S . ^- ; ^. 
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- H ' ri r i. EXAMPLE^ :• .5 r.x-i. .y. . >viS , . . , A , 

" "A solution of 2.0 g. (0.013 mole) bf dicyclopen^^^ox^^olved m 10 ml. 
of gl^iTadded dropW to a 20 id. solution of H^H^O m glyme prepared, 
as ni Example 2. The solution is maintained at 40°C. by cooling with an ice badi. The 
solution is allowed to cool, to, room tnnperature and the solvent is evaporated at 
Succd pressure. iThe residual tar 'is dissolved in ethanol and a sohiaon of 3 9 > g. 
(0026 mole) of CsF added. A light tan precipitate forms and is isolated. Elemental 



and infrared analyses show the product is 



CalcM: C, '123; H, 3.67; B, 21.6 /■. 
, Found: C, 13,02; H.^4.54; B. , 24.62 . „. . 

: '. •■ ■ • " ■ i ' - 

Example 5 
This example illustrates the following reaction: 

3C 3e V.T*:«--.-t:iClj5 *b a; .*.•*•-)•$): >r;^ ^n-br.. ■ .• 

ftEHraf oa^cH^occC^j (h + )2 

(3) 



:<•'-".> -J:' ,:;cfO 



hydrolysis 
CsF 



/. ?-h_vtS : (4) 



The procedure of Example 2 is followed and the ultimate product anion (4; is 
recovered by precipitation, and identified by? lelememai and infrared analyses as the 
cesium salt ^B^i^OdH^CH^g^ / 



Calcfd: Q 75; " H, 3.7; B, 27.0 
Found: C, 9 e 05j. H, 3.79; B, 22.87 



: ! ' / <, ~ ' Example 6 

. • ■ 

The following reaction is carried out: 



Y 



A solution of 22.4 g. (0.10 mole) of NaAsHx.^H-O in 40 mL of water is passed 
through an "Amberlke TR 120— H " ion exchange column to produce the ; acid 
■- H -R &£ja&& y W~v£c- ^--bvevapc-attdJfroiiL- dibtHjEiiHi-aiHiO m vacuum at 2U to 
Svetwhfcf solid residue. The acid residue is dissblveH m 60^of gryme and 26.8 g. 
^20 mole) of 3,4 - epoxy - V - dmydrotbioyhehe > 1,1 ^.dioxide added dropwise. 
Glyme is evaporated in v^unTand the residue dissolved in 60 mL f ethanol. A solu- 



13 



. tion of 30.4 g. (0:20 mole) of cesium fluoride in 60 mL of ethanol is 



•5 



Product is recrystallized from an ethanol-watcr mixture. 

■ : :-> l * " ? ' , Example 7 

The following reaction is carried T out : - 



10 



15 



2 H£- 



CHCCH3+H2^Htj:nH20 



.0 



»3 



A solution of 22.4 g. (0.10 mole) of Na 2 B 1= H 1= «2H 2 D in 40 ml. of water is passed 
through an " Amberlite TR 120 — H " ion exchange column to produce the acid 
H 3 B I2 K 1= .nK s G. Water is evaporated from t% WoSi^u-nH-O in vacuum at 20°C to 
give a solid residue. T^e acid residue is dissolved : in 60 mL of glyme and 22.3 g. 
(0.20 mole) of ^,^P°^^^&yi-2-p^ added dropwise. Glyme is evaporated 

in vacuum ancL the residue dissolved in 60 ml. of ethanoL A solution of 30.4 g. (0.20 
mole) of cesiurd: fluoride in 60 mL of ethanol is added to precipitate 



Cs 2 



Otj 0 

I I 



10 



15 



20 



Product is reafysfr IK Trdcfiom toethanol-water mixture. 

'i; Example 8 

This example illustrates the reaction of a polymeric epoxide with dodecahydro- 
dodecaborate acid hydrate. 

rjuh-v: t^ uvi: y t buB b&h A ,rr 



CH2KH2I 
(1) 



- (2) 



." L-'j'if ' r 



(3) 



20 



The procedure of Example 2 is followed to produce the product (3) shown. By 
increasing the quantity of (1) there is produced : 



3- 



CH2uOfeCHzCH2GBT2Hio — 0CHzffl2O%0£H2 



"V. *«. 



which,' was characterized ;by cWnfrttal c^d . mfraied:analyses to have the structure shown. 

25 > -•Calc'd:. - B,\ : 2(L*l, ?.i whin* :j;:;k ;-.-;T .ni^i Lm;~^- X*'; " 

: i. Found:. B, 1:814 ;.*":!2tuv\ - L.v - ■ *. .:v:rr. • '■. *f * j-; 



25 



...... 1,016,379 



A 

2 CH3OH- £H2+H2BcHc.nHzO 



Example 9' 



The reaction is conducted according to the pnxsdureofjfeample 2 in glyme at a 



temperature of 30°C and the product recovered as its cesium salt. 



j<? it. ."..a 




€S2 



BcHkj— 0 




i The procedure df Exampje 2 is followed at a't^erature of 30°C. in glyme. The 
pr^uctis^r^^^.^^^' 5 ^^ 3 ^ salt " ••* 



Example ^.1 



/ aiThc 
antemperapire 

salt! 



: Example 12 



C 



60ml.of.etbanolisaddedto prppitate v 



3u 



.-1,016,373 . 
Example 13 



15 



10 



A solution of 22.4 g. (0.10 mole) of Na 2 B 12 H 12 ^H 2 0 in 40 mL of water is passed 
through an " Amberlite j IR 120^11 " ion exchange column to produce the- add 
H 2 Bi 2 H 12 jiH20. Water" is evaporated from the HtBasH^.nHzO in vacuum at a tem- 
perature of less than 20°C to give a solid residue. The acid residue is dissolved in 
60 ml. of glyme and 30.0 g. (0.20 mole) of .l,2-epoxy-3 -phenoxypropane added drop- 
wise. Temperature is: maintained at less, than 30°C. Glyme is evaporated in vacuum 
and the residue dissolved m^'6*d r mL of ethanbL Absolution of 30.4 g. (0.20 mole) of 
cesium fluoride in 60 mL of ethanql is" added to precipitate 
Cs = [B ir; H 10 (OGn2^2GH2Oy) 2 ]. Product is recrystallized from ethanol-water mixture. 

; i j / ; - : >: -- v v , r ^, ;; 

f "' fexAMPLE 14 



10 



15 
20 




, A solution of 22.4 g. (0.10 moley'of Na^B^H^^Ha'O in 40 mL of water is passed 
tiroiigh^iia' "itoberjite IR 120 — H" ion exchange column to produce the 1 acid 15 
HsB^HjaJiHsO. Water is evaporated from the HiB^H^jiHzO in vacuum at a tem- 
perature of less than 20°C to give a solid residue. The acid residue is dissolved in 
§0 ml. o<f, glyme >v and : 30.4 g. mole) of dipentene monoxide added drop wise. 

^Tgaaperatiye ;a\mmrtfSm^d^at less 7 &an 0 0 'G. r Gl^e^is^cvUporated m vacuum and the 
* readue 'dissolv^ of cesium 20 

fluoride in 60 ml. of ethanol is added to precipitate. v 



25 



1 '4 



?H 3 



-o 



H 3 C CH X 



11 lUT. AOi\*;.£> 2X -"t-. 



25 



A solution of 22.4 'g. -(0.10 mole) of Na 2 B 12 H 12 .2H 2 0 in 40 mL of water is passed 
through an " AmberhW. IR 120 — H n ion exchange column to produce the acid 
H 2 B 1 - 5 H ls JiH i O. Water is evaporated from the HiBi 2 H 12 .nH 2 0 in vacuum at 20°C to 
give a solid residue. The add residue is dissolved in 60 mL of glyme and 36.8 g. 



1,016,379 



Example 16 . 



15 



20 



25 



.30 



Example 17 

/ . It ■: \ 1 



CD2CH3 



through an "Amberine IR "*/5^g i .~ EI ..o in vacuum at 20°C to 

H^sH^^.-^.fi-^^^^^^^^^riof glyme and 38.4 g. 

mSSof ^cesium Juoride,in_ ^60^,,of:.eton?Us J^^J^P^x.* 

nrf^^^,;.^: 



0? 



CS2 



1' " ■ n '--| 

Product is tecrystallized frpBi an ethatiol-water mixture. 

formula: Ma[^^ 10 ^(CMQrlb. /' j 

: - ,^1^^'^^^ ^a , compounds . .^icL comprises -acting 
^^^ZS^ 1 ^%^'&^'* carried out in a sola- 
tion of H-BxzHaojiH-O. 
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17 



10 



15 



.. rtv: 



j ^ /3. > A process according to clajm ,2 in whiqh ari^po^de m'limM fbrm is added 
to -a toiution in 1^-dime^o^jeSbahe qf a, infiS^e of ^Bjat^^aaQ^and water in 
equal amounts by weight. ' x " ' - - ttx. : .0^ 

4. A process according to claim 3 in which the reaction is carried out at a 
temperature of from 10°-to 30°C. 

5. A process according io^ any of claims 1 to 4 in which the proportions of 
epoxide and H 2 B 13 H 12 .nH 3 0 are such - as to produce an anion of the formula 
[B 12 Hi 0 (OR)]-~ where OR is a monovalent radical formed by the ring opening of an 
epoxide. ? ; - ■ ^ , • • 

6. A process according to 'any of claims 1 to 5 in which the product is recovered 
from the reaction mixture by precipitation as an insoluble salt. 

7. A process according to claim 6 in which the insoluble salt which is precipi- 
tated in the cesium salt "'^V ^ ^ v. -jr. . 

8. A process according to any of daims 1 to 7 in which the epoxide is ethylene 
oxide, propylene oxide or dicyclopentadiene dioxide. * 

,l • 9> ~A*pr^cess according to any of claims 1 to 7 in which the epoxide contains a 
functional group which is capable of entering into a polymerisation reaction. 
•* j 10. .' A process ac^rding, to, any qjf clahns 1 to 7 in winch the epoxide is styrene 

^;. r *y,ll; A; 'process accory^g^m any" of claims T_to 7 m. which the (Epoxide is a syn- 
; jietic:golyir^ - ' '••'"V,*^" * 

•* ^. -. , ** 12; A process for' trodiicing boron compounds subsranria11y r as" herein described 

ui <uiy \n iiuuuuiQ»;Zr LU x/. ■ * . t * . * • / 



; • 13. A boron comppund when.prodncttl by a process daimed in? any of the pre- 
ceding "clairhs. ' * *' t,K ' / V 1 - 1( r ' ' . !' :i :X J * . :f '' ! ', 
14. A linear polymer containing structural units of-the'f ormuta : — * 
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20 



25 



V3 _j 



v.- 



' 1 .* 



30 




where 'M ^ a;"cat^6n,* : Z ;ar^Z lC are hyd^^n or monovalent' radicals and a and b are 
integers' whose values are^deterrrmied by the va^ * - 

15. A linear polymer containing structural units of the formula: — 



: n-.- til 




30 



US J. 



where M'is a cation," Z- arid^Z 1 ate ihydhrogen^ or monovalent radicals, and a and'b are 
integers whose values are determined by,tfae valence .of-jWL^vv... p ,J C H 




-w — o- 



<*tiou and a and b *)^%&&fclf "WW* ** 

.^m^^^ 9 ^^^^^ 

•"- 04e8C ^A 'poi^ containing a hydrpd^ra^. anipn subsontiafly as herein 



described 



... ■■: v ^ Chartered Patent Agen^ - - y ' 

. ; For the Applicants. - -v.* . k 
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